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ARTICLE INFO Background: Understanding factors associated with improvements in subjective shoulder function after
arthroscopic rotator cuff repair (ARCR) helps clinicians identify targets for postoperative rehabilitation.
The aim of this study was to investigate the factors associated with subjective shoulder function after
ARCR.
Methods: Patients who underwent ARCR for rotator cuff tear with at least 12 months of follow-up were
included. Subjective shoulder function was assessed preoperatively and at 6 and 12 months post-
operatively, using the Shoulder36 (Sh36) 5 domain scores (pain, range of motion [ROM], strength, ac-
tivities of daily living, and general health). Stepwise multivariable regression analysis was performed to
extract the relevant factors for each Sh36 domain score using active shoulder ROM, isometric shoulder
and elbow strength, pain score, demographic data, intraoperative findings, medical complications, and
cuff integrity.
Results: A total of 104 patients met the inclusion criteria for this study. Multivariable regression analysis
identified active abduction ROM as the factor associated with 5 Sh36 domain scores at preoperatively. At
6 months postoperatively, isometric external rotation strength at the body side or 90° abduction position,
but not the ROM factor, was identified as a significant associated factor with 5 Sh36 domain scores. At 12
months postoperatively, pain score was the most associated factor with pain, ROM, strength, and ac-
tivities of daily living domain scores of Sh36.
Conclusion: Factors associated with subjective shoulder function after ARCR differed between the
preoperative and postoperative periods. Postoperative treatment, including rehabilitation, should be
modified according to the postoperative period after ARCR.
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Rotator cuff tears are prevalent shoulder disorders frequently
encountered by clinicians in middle-aged and older adults, result-
ing in shoulder pain, limited range of motion (ROM), and limited
activities of daily living (ADL).!%??32°! Treatment modalities for
rotator cuff tears can be either conservative or surgical, and rotator
cuff repair is a standard surgical procedure demonstrating
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favorable outcomes.”'® In the last decade, there has been a signif-
icant shift from open to arthroscopic procedures for rotator cuff
repair, with many surgeons now preferring arthroscopic rotator
cuff repair (ARCR) for reparable tears. This approach has yielded
predominantly positive clinical outcomes, although some patients
experience suboptimal results.”'>?540 Evaluation of clinical out-
comes after ARCR includes both clinician-based and patient-
reported outcome measures. In the past, clinician-based
outcomes have been predominantly used; however, the patient-
reported outcomes have recently gained prominence due to their
reflection of subjective shoulder function and quality of life,"*°
which cannot be adequately captured by clinician-based
assessments. 44149 Therefore, identifying factors associated

2666-6383/© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:y-ito0807@hokushin-hp.or.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2024.07.008&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2024.07.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2024.07.008
https://doi.org/10.1016/j.jseint.2024.07.008

Y. Ito, T. Ishida, H. Matsumoto et al.

with subjective shoulder function is crucial to enhancing patient
satisfaction after ARCR.

Various patient-reported outcome measures, such as American
Shoulder and Elbow Surgeons score, Simple Shoulder Test, Dis-
abilities of Arm, Shoulder, and Hand, and Western Ontario Rotator
Cuff index, have been extensively used globally to evaluate pa-
tients with rotator cuff tears and repairs.>>*?’” The Shoulder36
(Sh36) questionnaire, developed by the Japanese Orthopaedic
Association (JOA) and the Japanese Shoulder Society in 2011,
serves as a subjective assessment tool for shoulder function.’® The
Sh36 questionnaire comprises 6 domain scores (pain, ROM,
muscle strength, general health, ability of daily living, and ability
of sports) derived from 36 questions.”® This tool is unique in its
design to eliminate the effects of hand dominance and gender and
to minimize potential confounding effects of pain. It is recom-
mended to evaluate the Sh36 score for each of the 6 domains
rather than as a composite score, unlike other patient-reported
outcome measures.”® The Sh36 has demonstrated validity in
comparison with other questionnaires, such as the Disabilities of
Arm, Shoulder, and Hand*> and Simple Shoulder Test,”! and re-
flects quality of life.?> It is suggested that the Sh36 may assess
postoperative improvements not captured by physician-evaluated
metrics, such as the JOA score after arthroscopic rotator cuff sur-
gery.’® Consequently, the Sh36 is a valuable tool for assessing a
patient’s subjective shoulder function and quality of life and is
widely employed in evaluating patients with shoulder disorders
and after shoulder surgery.?%-344243

As highlighted, it is important to enhance the subjective
shoulder function in ADL. Previous studies indicated that it took up
to 1 year after ARCR for patient-reported outcomes to surpass the
minimum clinically important difference,>® with potential vari-
ances in factors associated with patient-reported outcomes pre-
operatively and postoperatively.'**? Investigating these factors
preoperatively and postoperatively is beneficial for postoperative
rehabilitation after ARCR. However, to our knowledge, no studies
have longitudinally identified factors associated with the subjective
shoulder function scores from preoperative to 1 year postoperative
after ARCR. This study aimed to longitudinally investigate these
factors using Sh36 domain scores as the measure of subjective
shoulder function from preoperative to postoperative after ARCR.
We hypothesized that the factors associated with subjective
shoulder function would be different between the preoperative and
postoperative periods.

Materials and methods
Participants

This study employed a retrospective cohort design. We
reviewed the records of 314 patients who underwent ARCR for
rotator cuff tear at the author’s institution between January 2018
and December 2022. Inclusion criteria were ARCR for partial or
small to massive full-thickness rotator cuff tears, excluding isolated
or concomitant subscapularis tears. Exclusion criteria were as fol-
lows: (1) patients lost to follow-up to within 12 months post-
operatively, (2) had a history of shoulder surgery, (3) shoulder
disorders other than rotator cuff tear, (4) symptoms due to cervical
radiculopathy, and (5) neuromuscular disorders. A total of 230
patients met these criteria. Additionally, patients were excluded
from analysis if preoperative and postoperative evaluations at 6 and
12 months were incomplete, or if cuff integrity of repaired tendon
at 12 months postoperatively could not be assessed by magnetic
resonance imaging. Finally, 104 patients with complete data were
analyzed (Fig. 1). Patient’s characteristics are presented in Table I.
All patients signed an informed consent form, and this study was
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Patients who underwent
arthroscopic rotator cuff repair for rotator
cuff tear between 2018 Jan and 2022 Dec

(N=314)
Excluded (N = 84)
¢ Lost to follow up (N = 72)
* History of previous shoulder surgery (N = 12)
Eligible participants
(N=230)
Excluded (N = 126)
* Incomplete clinical assessment (N = 102)
+ preoperatively (N =29)
* 6 months postoperatively (N = 3)
* 12 months postoperatively (N = 70)
* No cuff integrity evaluation by MRI imaging
(N=24)
Included participants
(N=104)

Figure 1 Flowchart of study enrollment.

approved by the Institutional Review Board of our institute
(approval number: 2303).

Surgical procedures

The ARCR procedures were performed by 6 surgeons at our
institution with the patient in the beach-chair position under gen-
eral anesthesia. The choice of tendon suturing technique was at the
surgeon’s discretion, with either the surface-holding repair® or the
suture-bridge technique®’ selected based on intraoperative find-
ings. The number and type of anchors used were also determined
according to the condition and mobility of the tendon. The size of
the tendon tear was evaluated intraoperatively using the Cofield
classification,'® which defined small tear as < 1 cm, medium tears as
1 to 3 cm, large tears as 3 to 5 cm, and massive tears as < 5 cm.
Anterior acromioplasty was performed in all surgeries, and teno-
tomy of the long head of biceps and glenohumeral joint manipu-
lation, including capsulotomy, were performed as needed (Table I).

Postoperative rehabilitation protocol

The operated arm was immobilized in an abduction pillow brace
for the first 6 weeks after surgery. Patients were permitted to
perform active elbow ROM, active scapular, and grip exercises from
the first day after surgery. Passive-assisted and active-assisted ROM
exercises in the supine position were started from 2 days after
surgery. Following removal of the shoulder brace immobilization,
active ROM exercises below 90° of shoulder elevation were
allowed. Antigravity movements above shoulder level were
permitted from 8 weeks postoperatively, and resistance exercises
with weights and resistance band were allowed from 12 weeks
postoperatively. Light work without lifting heavy items was
permitted at 3 months, and heavy work and sports activity were
allowed from 6 months postoperatively.

Outcome measures

Demographic data (age, sex, and dominance of the operated
shoulder) and medical complications such as diabetes mellitus and
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Table I
Patient’s characteristics.
N =104 %
Sex
Male 45 (43.3%)
Female 59 (56.7%)
Age (SD) 64.3 (9.1)
Height (SD) (cm) 159.6 (9.2)
Weight (SD) (kg) 64.7 (13.1)
Operation side
Dominant 65 (62.5%)
Nondominant 39 (37.5%)
Tear size
Partial 13 (12.5%)
Small 11 (10.6%)
Medium 73 (70.2%)
Large 5 (4.8%)
Massive 2 (1.9%)
Surgical technique
Suture bridge 27 (25.9%)
Surface-holding 77 (74.1%)
Additional procedures
LHB tenotomy 69 (66.3%)
Capsulotomy 8 (7.6%)
Sugaya type
1 91 (87.5%)
2 5 (4.8%)
3 2 (1.9%)
4 2 (1.9%)
5 4 (3.9%)
Complications
Diabetes mellitus 16 (15.4%)
Hyperlipidemia 34 (32.7%)

SD, standard deviation; LHB, long head of biceps.

hyperlipidemia were recorded preoperatively. The integrity of the
cuff repair was evaluated by magnetic resonance imaging at 12
months postoperatively using the Sugaya classification,*’ with
Sugaya type 4 and 5 defined as retear of the repaired tendon
(Table I). Shoulder ROM, isometric shoulder and elbow strength,
and objective and subjective shoulder function scores using the
Sh36 questionnaire were assessed preoperatively and at 6 and
12 months postoperatively.

Range of motion

Active and passive ROM of shoulder flexion, abduction, and
external rotation at body side and only passive ROM of external
and internal rotation at 90° abduction position were measured
using a universal goniometer by a physiotherapist in the sitting
and supine positions. To score the hand-behind-back motion,
we used the subscale of the Constant-Murley Shoulder Score
(CSS), assessed by the spinal level reached by the tip of the
thumb.

Isometric shoulder and elbow joint muscle strength

The isometric strength of shoulder flexion, abduction,
external and internal rotation at the body side, external rotation
at 90° abduction, elbow flexion, and extension were measured
using a hand-held dynamometer (pu-TAS MF-01; Anima Corp.,
Tokyo, Japan). All muscle strength measurements were per-
formed in the end-sitting position. Flexion and abduction were
measured at 45° position, and external rotation at body side and
90° abduction were measured at the neutral position in rotation.
Strength measurements in all positions were taken twice, and
the largest value was used for analysis. All strength values were
normalized by body weight and upper arm or forearm length
(N-m/kg).>°
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Objective shoulder function score

The JOA score (0 to 100—point scoring system) (Appendix 1) and
the CSS (0 to 100—point scoring system)'! were assessed by phys-
iotherapist. Pain severity was assessed using the JOA pain subscale,
a 7-point scale ranging from 0 to 30 points in 5-point increments:
30 points for no pain, 25 points for minor pain during sports or
heavy work, 20 points for mild pain during work, 15 points for mild
pain during daily living, 10 points for moderate pain with occa-
sional night pain with analgesics, 5 points for severe pain with
frequent night pain, and 0 point for unable to engage in any activity
due to pain.

Subjective shoulder function score

The Sh36 questionnaire version 1.3% was used to assess sub-
jective shoulder function. The Sh36 is a self-reported questionnaire
with high reliability and validity, consisting of 6 independent do-
mains (pain, ROM, muscle strength, general health, ability of daily
living, and sports ability).'®?4> Each domain score is calculated by
averaging the scores of the 36 questions assigned to each domain.
Patients rated each question about the affected shoulder on a 5-
point scale of difficulty as follows: 4 for no difficulty, 3 for minor
difficulties, 2 for some difficulty but manageable on my own, 1 for
major difficulties requiring help from someone, and O for inability
to perform the task. This study used 5 domain scores (pain, ROM,
strength, ADL, and health) excluding the sports domain, as many
participants were not engaged in sports activities. All questions of
the Sh36 are provided in Appendix 2.

Statistical analysis

To examine participant characteristics, a 1-way repeated-
measures analysis of variance or Friedman test was used to
compare the Sh36 domain scores, shoulder ROM, isometric shoul-
der and elbow strength, and objective shoulder function scores
between preoperative and postoperative periods, paired with a t-
test or Wilcoxon signed-rank test for post hoc analysis. Addition-
ally, ROM, isometric strength, Sh36 domain scores, and other
outcome measures were compared at each time point between
patients with and without retears using independent t-test and
Wilcoxon rank sum test.

To identify factors associated with each Sh36 domain score at
each time point, a stepwise multivariable regression analysis was
conducted with selected independent variables to extract relevant
factors for each of the 5 domain scores of Sh36 at preoperatively
and 6 and 12 months postoperatively after ARCR. Independent
variables for the multivariable regression analysis were selected
based on previous studies:”®'>46 active shoulder ROM including
hand-behind-back motion, shoulder and elbow joint muscle
strength, JOA pain score, tendon tear size, age, sex, medical
complication, surgical technique, biceps tenotomy or capsulotomy,
and retear of the repaired tendon preoperatively, at 6 and 12
months postoperatively. Sex (1 for male), presence or absence of
medical complication (1 for presence), surgical technique (1 for
surface-holding technique, 0 for suture-bridge technique), biceps
tenotomy or capsulotomy (1 for performing procedures), and retear
(1 for retear of repaired tendon) were converted to a dummy var-
iable. Dummy variables were assigned for tendon tear size as fol-
lows: 1 for partial-thickness and small full-thickness tears, 2 for
medium tears, 3 for large tears, and 4 for massive tears. The
dependent variable was each of the 5 Sh36 domain scores preop-
eratively, at 6 and 12 months postoperatively. Variables with high
multicollinearity were retained based on the higher standardized
regression coefficient and reanalyzed. A sensitivity analysis,
excluding patients with retears or capsulotomy, was also per-
formed to confirm the consistency of the results. All statistical
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analyses were carried out using R software program (version 4.3.0;
R Foundation for Statistical Computing, Vienna, Austria), with the
significance level set at .05.

Results

Improvements in shoulder function between preoperative and
postoperative periods, and comparisons between patients with
retears and without retears

Six patients (5.8%) were identified with retears of the repaired
tendon at 12 months postoperatively (Table I). The results of the
preoperative and postoperative outcome measures are shown in
Table II. Sh36 domain scores, except for the health domain, were
significantly improved throughout 12 months postoperatively. At
12 months postoperatively, all shoulder ROMs were significantly
improved compared to preoperatively and 6 months post-
operatively. All shoulder and elbow isometric strength were
significantly improved at 6 and 12 months postoperatively
compared to preoperatively, and except for internal rotation and
elbow extension, there were significant improvements at 12
months postoperatively compared to 6 months postoperatively. For
shoulder functional score, JOA total score, JOA pain score, and CSS
showed significant improvements through 12 months
postoperatively.

For comparisons between patients with and without retears,
significant differences were found in isometric strength of shoulder
flexion and abduction at 12 months postoperatively, but no other
significant differences were observed.

Factors associated with each Sh36 domain scores at each time point

Multivariable regression analysis identified active abduction
ROM as the most relevant factor in all 5 Sh36 domains preopera-
tively (pain: f = 0.552, P <.001; ROM: B = 0.563, P < .001; strength:
B = 0.677, P < .001; ADL: B = 0.587, P < .001; health: = 0.451,
P < .001) (Table III). In addition, for pain, ADL, and health domains,
sex was a significant factor associated with Sh36 score (pain:
= 0.294, P =.001; ADL: B = 0.301, P < .001; health: p = 0.321,
P < .001) (Table III).

At 6 months postoperatively, isometric external rotation at body
side strength was a significant factor associated with strength and
health domain scores of Sh36 (strength: § = 0.292, P =.002; health:
B = 0.347, P < .001) (Table IV). For pain, ROM, and ADL domain
scores, isometric external rotation at 90° abduction position
strength was a significant factor associated with Sh36 scores (pain:
B = 0.336, P < .001; ROM: B = 0.333, P < .001; ADL: B = 0.361,
P < .001) (Table IV). Additionally, JOA pain score was significantly
associated with the Sh36 strength domain score (B = 0.249,
P =.008) (Table 1V).

At 12 months postoperatively, multivariable regression analysis
showed that JOA pain score was significantly associated with pain,
ROM, strength, and ADL domain scores of Sh36 (pain: § = 0.265,
P =.004; ROM: B = 0.304, P =.002; strength: § = 0.287, P =.002;
ADL: B = 0.238, P =.013) (Table V). Furthermore, age was signifi-
cantly associated with pain, ADL, and health domain scores of Sh36
(pain: B = —0.283, P =.002; ADL: B = —0.232, P = .015; health:
f = —0.227, P =.018) (Table V). In the strength and health domain,
active abduction ROM was significantly associated with Sh36 scores
(strength: B = 0.236, P =.012; health: = 0.238, P =.013) (Table V).

Multivariable regression analysis, excluding patients with
retears or capsulotomy, showed that the same factors were asso-
ciated with each of the Sh36 domain score as in the analysis
including retears or capsulotomy preoperatively, and at 6 and 12
months postoperatively.
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Table II
ROM, isometric strength, JOA score, CSS, and Sh36 score at preoperatively, 6, and 12
months postoperatively.

Mean (SD) Pre OP PO 6M PO 12M
ROM (°)
Flexion
Active 130.3 (32.0) 151.3 (12.8)" 156.1 (11.2)"
Passive 145.3 (23.4) 160.1 (9.8)" 163.9 (9.6)"
Abduction
Active 115.2 (425) 149.8(18.2) 1569 (14.7)"
Passive 133.3 (32.5) 156.9 (15.8)" 163.9 (12.8)"
External rotation at body
side
Active 47.0 (16.1) 48.4 (13.7) 52.1(12.5)"
Passive 50.8 (15.5) 51.1(12.9) 55.4 (12.4)"
External rotation at 90°
abduction
Passive 73.1(20.3) 73.8 (14.8) 80.1 (12.9)"
Internal rotation at 90°
abduction
Passive 41.4 (18.6) 46.2 (15.1) 52.9 (13.9)"
Hand behind back 6.7 (2.5) 7.1(1.6) 8.1 (1.5)"
(points)
Strength (Nm/kg)
Flexion 0.20 (0.11) 0.26 (0.09) 0.29 (0.10)"
Abduction 0.17 (0.11) 0.24 (0.10)" 0.27 (0.09)"
External rotation at body 0.19 (0.19) 0.21 (0.07) 0.23 (0.07)"
side
Internal rotation at body 0.25 (0.10) 0.31(0.11) 0.32(0.11)
side
External rotation at 90° 0.20 (0.09) 0.25 (0.09)" 0.28 (0.10)"
abduction
Elbow flexion 0.33 (0.16) 0.39 (0.15)" 0.43 (0.17)"
Elbow extension 0.28 (0.12) 0.34 (0.11) 035 (0.11)"
Functional score
JOA total score 69.4 (13.2) 87.0 (8.2) 91.9 (6.5)"
JOA pain score 13.2(7.1) 23.6 (6.2) 26.3 (4.2)""
CSS 52.4 (16.4) 70.9 (7.9) 75.9 (7.7)"
Sh36
Pain 2.9(0.9) 3.7 (0.4) 3.9(03)"
ROM 2.9 (1.0) 3.7 (0.6)" 3.9(0.3)"
Strength 25(1.2) 3.6 (0.5) 3.8 (0.4)"
ADL 3.0(0.9) 3.8 (04) 3.9(0.3)"
Health 3.2(0.8) 3.7 (0.3)" 3.8(04)

SD, standard deviation; OP, operative; PO, postoperative; HBB, hand-behind-back;
JOA, Japanese Orthopedic Association; CSS, Constant-Murley Shoulder Score; ROM,
range of motion; ADL, activities of daily living; Sh36, Shoulder36.

“Means significant difference compared to preoperatively.

fMeans significant difference compared to 6 months postoperatively.

Discussion

This study explored the factors associated with subjective
shoulder function as assessed by the Sh36 domain score. The pri-
mary findings indicated that factors associated with Sh36 domain
scores after ARCR varied between preoperative and postoperative
periods. Preoperatively, active abduction ROM and sex were sig-
nificant explanatory variables for Sh36 domain scores. At 6 months
postoperatively, external rotation strength emerged as the most
relevant factor in 5 Sh36 domain scores rather than ROM factors.
Conversely, at 12 months postoperatively, JOA pain score was
significantly most associated with Sh36 domain scores, except for
the health domain, whereas shoulder function such as ROM and
muscle strength were excluded from the regression models. This
study is the first to longitudinally investigate factors associated
with subjective shoulder function from preoperative to 12 months
postoperative periods following ARCR.

The Sh36 domain scores were used to assess subjective shoulder
function, designed to eliminate hand dominance and gender effects
and minimize the confounding effects of pain as much as possible.
This score is divided into 6 domains to evaluate difficulty in ADL,
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Table III
Associated factors of each Sh36 domain scores at preoperatively.
Associated factors R? B 95% CI SE T value VIF P value
Lower Upper
Pain 0.385
Active abduction ROM (degrees) 0.552 0.381 0.723 0.002 6.412 1.000 <.001
Sex (male = 1, female = 0) 0.294 0.123 0.465 0.156 3416 1.000 .001
ROM 0.308
Active abduction ROM (degrees) 0.563 0.374 0.752 0.002 5.934 - <.001
Strength 0.451
Active abduction ROM (degrees) 0.677 0.509 0.845 0.002 8.017 - <.001
ADL 0.430
Active abduction ROM (degrees) 0.587 0.422 0.751 0.002 7.079 1.000 <.001
Sex (male = 1, female = 0) 0.301 0.136 0.465 0.149 3.626 1.000 <.001
Health 0.291
Active abduction ROM (degrees) 0.451 0.268 0.634 0.002 4.900 1.000 <.001
Sex (male = 1, female = 0) 0.321 0.138 0.504 0.129 3.492 1.000 <.001
95% (I, 95% confidence interval; SE, standard error; VIF, variance inflation factor; ROM, range of motion; ADL, activities of daily living; Sh36, Shoulder36.
Table IV
Associated factors of each Sh36 domain scores at 6 months postoperatively.
Associated factors R? B 95% CI SE T value VIF P value
Lower Upper
Pain 0.104
External rotation at 90° abduction strength (Nm/kg) 0.336 0.151 0.520 0.395 3.597 - <.001
ROM 0.167
External rotation at 90° abduction strength (Nm/kg) 0.333 0.145 0.516 0317 3.590 1.062 <.001
Strength 0.159
External rotation at body side strength (Nm/kg) 0.292 0.109 0.475 0.683 3.174 1.039 .002
JOA pain score (points) 0.249 0.066 0.432 0.008 2.704 1.040 .008
ADL 0.122
External rotation at 90° abduction strength (Nm/kg) 0.361 0.178 0.544 0.359 3.912 - <.001
Health 0.112
External rotation at body side strength (Nm/kg) 0.347 0.163 0.531 0.458 3.738 - <.001

95% (I, 95% confidence interval; SE, standard error; VIF, variance inflation factor; JOA, Japanese Orthopaedic Association; ROM, range of motion; ADL, activities of daily living;

Sh36, Shoulder36.

Table V
Associated factors of each Sh36 domain scores at 12 months postoperatively.
Associated factors R? B 95% CI SE T value VIF P value
Lower Upper
Pain 0.168
JOA pain score (points) 0.265 0.086 0.444 0.007 2.935 1.008 .004
Age (y) -0.283 —0.463 -0.103 0.003 -3.126 1.017 .002
ROM 0.083
JOA pain score (points) 0.304 0.117 0.491 0.007 3.220 - .002
Strength 0.241
JOA pain score (points) 0.287 0.112 0.463 0.009 3.252 1.013 .002
Active abduction ROM (degrees) 0.236 0.052 0.419 0.003 2.551 1.107 .012
ADL 0.103
JOA pain score (points) 0.238 0.052 0.424 0.007 2.541 1.007 .013
Age (y) -0.232 -0.418 —0.047 0.003 —2.481 1.007 .015
Health 0.109
Active abduction ROM (degrees) 0.238 0.051 0.425 0.002 2.521 1.030 .013
Age (y) -0.227 -0415 —0.040 0.004 —2.408 1.030 .018

95% ClI, 95% confidence interval; SE, standard error; VIF, variance inflation factor; ROM, range of motion; ADL, activities of daily living; JOA, Japanese Orthopaedic Association;

Sh36, Shoulder36.

offering an advantage over other subjective shoulder assessments
by aligning more closely with ADL?"?%%5 Thus, the Sh36 was
deemed an appropriate measure of patient’s subjective shoulder
function in ADL in this study.

Preoperatively, active abduction ROM was a significant explan-
atory variable for all 5 Sh36 domain scores. Patients with higher
preoperative patient-reported outcomes had significantly higher
postoperative outcomes and satisfaction scores and were more
likely to achieve the patient-acceptable symptom state after rotator

121

cuff repair.?° Therefore, preoperative improvements in subjective
shoulder function are crucial for achieving favorable postoperative
subjective shoulder function. Generally, pain is the primary
complaint for patients with rotator cuff tears, influencing the de-
cision to undergo surgery'® and serving as a prognostic factor for
improvement in patient-reported outcome measures.*® In fact, the
study participants experienced moderate pain requiring anti-
inflammatory nonsteroidal drugs (mean JOA pain score was 13.2
points). Meanwhile, active abduction is an important movement for
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performing ADL>® and is significantly impaired by rotator cuff
tears.>! Thus, based on the results of multivariable regression
analysis controlling for other confounding factors, the active
abduction ROM was a more critical factor for difficulty in ADL than
the degree of pain before ARCR. Additionally, sex was a significant
factor associated with subjective shoulder function preoperatively
in this study. Previous study has shown that sex can affect sub-
jective shoulder function after ARCR,** and this study suggested
that it may also influence subjective shoulder function even during
the preoperative period. Future investigation is needed in this
regard.

On the other hand, at 6 months postoperatively, external rota-
tion strength at body side and 90° abduction position emerged as
significant factors associated with 5 Sh36 domain scores in multi-
variable regression analysis, contrasting preoperative findings
where ROM factors were prominent. External rotation strength has
been significantly associated with subjective assessment (Western
Ontario Rotator Cuff index score) after ARCR.”® Higher external
rotation strength relative to abduction strength correlated with a
more inferior humerus position relative to the glenoid.*® Excessive
upward translation of the humeral head can cause shoulder
impingement symptoms and disrupt centripetal glenohumeral
joint motion.>>>> Therefore, better shoulder external rotation
strength can enhance glenohumeral joint motion, reducing diffi-
culty in ADL. Patients after ARCR may improve subjective shoulder
function by focusing on enhancing external rotator function during
rehabilitation up to 6 months postoperatively.

At 12 months postoperatively after ARCR, the JOA pain score,
indicating the degree of pain, was significantly associated with the
Sh36 domain scores except for health domain, unlike preoperative
and 6-month postoperative findings. Residual postoperative pain is
a crucial factor affecting patient’s subjective shoulder function and
satisfaction after ARCR.”'> While shoulder ROM and strength were
associated with Sh36 scores preoperatively and at 6 months post-
operatively, their sufficient improvement at 12 months post-
operatively suggests that the degree of pain, rather than shoulder
function, more significantly influences on the difficulty in ADL.
Preoperatively, shoulder pain is often the chief complaint, and
many patients hope to be pain-free after surgery. The results at 12
months postoperatively indicate that even low-level residual
shoulder pain, not requiring analgesics, can impact subjective
shoulder function in ADL.

Clinically, understanding the varying factors associated with
subjective shoulder function across postoperative period is essen-
tial for providing targeted interventions to optimize patient out-
comes from preoperatively to 12 months postoperative periods
after ARCR. Preoperatively, improving active shoulder abduction
ROM is preferable to enhance subjective shoulder function after
surgery, avoiding tear progression or pain exacerbation due to
overloading. At 6 months postoperatively, in addition to improving
ROM, enhancing external rotator muscle strength, such as infra-
spinatus and teres minor muscles, is crucial to reduce difficulty in
ADL. Forward flexion exercise with horizontal abduction loading
using a resistance band has been reported to be effective in
increasing infraspinatus and teres minor muscle activity,”” and may
be recommended as a home self-exercise. Since the degree of pain
is the most influential factor in subjective shoulder function at 12
months postoperatively, clinicians should identify and treat resid-
ual pain as early as possible while continuing to improve shoulder
ROM and strength from 6 to 12 months postoperatively. In the
sensitivity analysis, retear of the repaired tendon was not a signif-
icant factor associated with subjective shoulder function after
ARCR. Previous study has also reported that retears were not
associated with subjective shoulder function after ARCR,® and the
present study supports these findings. However, as the follow-up
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period for this study was up to 12 months postoperatively, a
long-term follow-up may be needed to investigate the effects of
retears.

The present study had several limitations. First, this study was a
retrospective cohort study with a small sample size. Future studies
with more participants and prospective follow-up would be
needed. Second, the present study was a single-center study.
Multicenter studies are needed to increase external validity. Third,
the variability in patient’s rehabilitation visit frequency and dura-
tion may have influenced shoulder function improvement. Fourth,
a ceiling effect might have occurred due to the 5-point Sh36 score
scale from O to 4, and the mean scores of each domain at 6 and 12
months postoperatively were high, ranging from 90% to 97% of the
full score. Finally, the small number of patients with retears and
capsulotomy limited the investigation of retears or capsulotomy
impact, necessitating larger samples.

Conclusion

This study longitudinally examined the factors associated with
subjective shoulder function using Sh36 domain scores from pre-
operative to 12 months postoperative periods after ARCR. The
findings revealed that the factors associated with the Sh36 domain
scores varied between the preoperative and postoperative periods.
Active abduction ROM, external rotator strength, and degree of pain
were the primary factors associated with the Sh36 domain scores
preoperatively, at 6 months, and at 12 months postoperatively,
respectively. Clinicians should tailor their interventions for patients
after ARCR at each time point to further enhance subjective
shoulder function.
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